Background and Purpose-Data on continuous monitoring of stroke risk among different age and ethnic groups are lacking.
S
troke is the second leading cause of death worldwide, and the global effect of stroke is considerable based on disability-adjusted life years. 1 Incidence rates of stroke are reported to be declining in developed countries, presumably because of improvements in stroke prevention and increasing awareness of healthy living. However, there are epidemics of obesity and diabetes mellitus, and there are communities at high vascular risk, such as people of African origin, in the United States and United Kingdom. [2] [3] [4] Despite reported declining incidence rates, with an aging population, the number of stroke patients will increase because risk increases exponentially with age. 3, 5 Higher stroke incidence rates have been reported in the black populations compared with the white populations in the United States and the United Kingdom. 4, 6 Population-based studies in the United States, such as the Framingham Heart Study 7 and the Greater Cincinnati/Northern Kentucky Stroke study (GCNKSS), 4 have reported that stroke incidence was decreasing in white groups but not in black groups. Similar trends in incidence were found in population-based studies in the United Kingdom, such as the Oxford Vascular Study (OXVASC) 8 in white populations and the South London Stroke Register (SLSR) 6 in multiethnic populations. Despite the overall incidence declining, stroke in young adults was shown to be increasing in a recent study from GCNKSS by Kissela et al, 9 in which significant increases in stroke incidence were reported in young adults aged 20 to 54 years in both black and white groups during a 12-year study period. A similar trend for stroke in young adults was also found in ischemic stroke admissions in the United States Nationwide Inpatient Sample. 10 However, most of these studies reported trends in stroke incidence in 2 or 3 different time points. 4, 8, 9, 11 Data on continuous monitoring of stroke incidence among different ethnic groups in the same populations are lacking. 6 The SLSR is a prospective population-based register documenting all first-in-a-lifetime strokes since January 1, 1995, in a multiethnic inner-city population. 6, 12 Based on data from SLSR, we aimed to investigate trends and differences in the incidence and vascular risk factors in different age and ethnic groups during the continuous 16-year study period.
Methods
The methods of the SLSR have been described in detail previously 13, 14 and are summarized here. The SLSR is a prospective populationbased stroke register set up in January 1995, recording all first-ever strokes in a defined region of Lambeth and Southwark, with a population of 310 026 according to the 2001 United Kingdom Census, with 63% white, 28% black (9% black Caribbean, 15% black African, and 4% black other), and 9% other ethnic groups. At the time of the 2011 census, the SLSR source population had increased to 357 308, with 56% white, 25% black (7% black Caribbean, 14% black African, 4% black other), and 18% other groups. The largest increase was seen in those aged 45 to 59 years (44%); the number of those aged >65 years fell by 12% from 28 646 to 25 227, and there was almost no change for those <18 years. There were 3%, 2%, 51%, and 232% increases in white, black, Asian, and other ethnic groups, respectively.
Case Ascertainment and Data Collection
Stroke was defined according to World Health Organization criteria. 15 Standardized criteria were applied for ensuring completeness of case ascertainment, including multiple overlapping sources of information. 16 Data were collected prospectively by specially trained study nurses and field workers. Stroke diagnosis was verified by a study doctor. Hospital surveillance for admission of stroke included hospitals serving the study area. Community surveillance for stroke included patients under the care of all general practitioners within the study area, and general practitioners were contacted regularly and asked to notify all patients with stroke. Notification sources included accident and emergency records, hospital wards, requests for brain imaging, death certificates, coroner's records, hospital medical staff, community therapists, bereavement officers, and hospital-based stroke registers. Patients <15 years were excluded in the study because they were more likely to follow different pathogenesis. Capture-recapture models estimated completeness of case ascertainment in this population to be ≈80% (between 75% and 88%) as shown in the previous studies from SLSR. 6, 13, 17 
Sociodemographic Characteristics
Ethnic origin 18 (self-definition, census question) was stratified into white, black (black Caribbean, black African, and black other), and other ethnic groups. Socioeconomic status was categorized as nonmanual, manual, and others/unknown according to the patient's current or most recent employment using the United Kingdom General Register Office occupational codes.
Stroke Subtype
Classification of the pathological subtype 12, 16 (cerebral infarction, primary intracerebral hemorrhage, and subarachnoid hemorrhage) was based on results from ≥1 of the following: brain imaging, cerebrospinal fluid analysis, or necropsy examination. Cases without pathological confirmation of stroke subtype were unclassified. The proportion of stroke patients receiving computerized tomography increased from 79.8% in 1995-1998 to 95.9% in 2007-2010, and only 11.6% of patients received an MRI in 1995-1998 compared with 67.8% of those who received an MRI in 2007-2010.
Risk Factors Before Stroke
History of hypertension (high blood pressure >140 mm Hg systolic or >90 mm Hg diastolic), myocardial infarction, atrial fibrillation, and transient ischemic attack was collected from patients' general practitioners and hospital records. Information on diabetes mellitus, smoking history (current, former smoker, never smoked), and alcohol drinking status (yes/no) was self-reported at initial assessment.
Statistical Analysis
Continuous variables were summarized as mean (SD) and categorical data as count (percentage). Student t test and Wilcoxon signed-rank test were used to test differences in continuous variables when appropriate, and the χ 2 test was used for proportions. The source populations of the SLSR from 1995 to 2010 were estimated from the United Kingdom Census data for 1991, 2001, and 2011 by assuming a linear trend between 2 adjacent censuses. Data were reported in 4-year time intervals, 1995-1998, 1999-2002, 2003-2006, and 2007-2010 , to increase the sample size in subgroups. The average age-specific incidence rates were calculated for each time period and stratified by ethnicity. We used 2 different cutoffs for age groups, 15 to 44 years/45+ years and 15 to 54 years/55+ years, to present the age-specific incidence rates. Annual incidence rates by sex, ethnicity, and age group were age-adjusted to the 2011 England and Wales population. 19 The 95% confidence intervals for the incidence rates were calculated assuming a Poisson distribution. The Cochran-Armitage test for trend was used to test the changes over time in age-, ethnicity-, sex-, and before-stroke risk factor-specific incidence rates. Statistical analyses were performed with the statistical software R version 2.11.1.
Ethics
Patients or their relatives gave written informed consent to participate in the study. Ethical approval was obtained from the ethics committees of Guy's and St Thomas' Hospital Trust, King's College Hospital, Queens Square, and Westminster Hospital (London).
Results
Between January 1995 and December 2010, 4245 patients with first-ever stroke (age ≥15) were registered in the SLSR. Changes in sociodemographic characteristics over time are shown in Table 1 . The mean age of onset of stroke decreased from 71.7 years (1995-1998) to 69.6 years (2007-2010; P=0.0001). There were significant increases in the proportion of young patients, from 5.1% in 1995-1998 to 8.4% in 2007-2010 for those aged 15 to 44 years (P=0.0094), and from 11.1% to 19.9% for those aged 15 to 54 years (P<0.0001). The proportion of black patients also increased from 16.6% to 25.6% (P<0.0001) during the study period. Table 2 describes the characteristics of young patients with stroke aged 15 to 54 years (n=656) versus those aged >55 years (n=3589). The number of young patients increased from 145 in 1995-1998 to 174 in 2007-2010, whereas the number of those aged >55 years fell significantly from 1158 to 702 during the same period. Compared with those aged >55 years, the young patients were more likely to be men (58.5% versus 48.7% for young and old patients, respectively), to be black (38.1% versus 17.2%), to have a nonmanual job (34.5% versus 25.2%), to have an intracerebral hemorrhage (20.1% versus 11.6%) or a subarachnoid hemorrhage (18.6% versus 2.5%), and to have lower prevalence of most vascular risk factors. However, there were more current smokers (41.3% versus 29.4%) and drinkers (59% versus 51%) in the young group compared with those aged >55 years. All comparisons are statistically significant, with P<0.0001.
Characteristics of Young Patients With Stroke
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A similar decline in stroke incidence was observed in men from 277.3 to 158 (P<0.0001) and in women from 217.3 to 138.6 (P<0.0001). However, there were differences in the incidence trends between ethnic groups and between age groups. During the study period, a 41.3% reduction in stroke incidence was observed in the white group from 233.4 to 137.1 (P<0.0001), whereas no significant changes in incidence rates were seen in the black group (from 310.1 to 267.5, not significant, with P=0.3633), and a constantly higher incidence was observed in the black group compared with the white group. In the same period, a 40% reduction in incidence was observed in those aged >45 years, from 473.6 to 284.2 (P<0.0001), whereas no significant changes were found in the younger group aged 15 to 44 years (P=0.2034). For those aged 15 to 54 years, however, a significant reduction in incidence was observed from 31.1 to 24 (P=0.0013). Table 4 shows trends in age-specific incidence rates by ethnicity. Statistically significant decreases (after correcting for multiple comparisons) in the rates of firstever stroke were found in the white population aged >45 years (P<0.0001-0.0051) and in the black population only for those aged 55 to 64 years (P<0.0001). There were no significant changes in incidence rates for young white groups aged 15 to 44 years and for most of the black age groups, young and old, except for those aged 55 to 64 years.
Stroke Subtype and Risk Factor Prevalence
There was a trend toward a higher proportion of ischemic stroke and a lower proportion of hemorrhagic stroke during the 16-year study period (Table I in the online-only Data Supplement). Statistically significant changes were found in all age and ethnic groups except the older black group aged >55 years. The trend was most pronounced in the younger black patients aged 15 to 54 years, with an 82% increase in the proportion of ischemic stroke from 36.2% in 1995-1998 to 65.9% in 2007-2010 (P<0.0001). Table 5 shows trends in the vascular risk factors stratified by age and ethnicity. Risk factor reduction was mostly seen in white patients aged >55 years, with statistically significant decreases observed in the prevalence of before-stroke myocardial infarction, atrial fibrillation, previous transient ischemic attack, smoking, and drinking. However, this was counterbalanced by a significant increase in the prevalence of diabetes mellitus (P=0.0256). For black patients aged >55 years, there was only a decline in the prevalence of previous transient ischemic attack (P=0.0064) and drinking (P<0.0001). For younger patients aged 15 to 54 years, no statistically significant changes were observed in any of these risk factors, except that there was a significant increase in the prevalence of diabetes mellitus among young black patients, rising from 4.3% in 1995-1998 to 21.4% in 2007-2010 (P=0.0078), and a marginal decrease in current smokers among young white patients from 63.5% to 47.2% (P=0.0410). The use of age 55 years as a cutoff in analyses for stroke subtype and vascular risk factor prevalence was to increase the numbers in subgroups of younger patients so that statistical tests were feasible.
Discussion
In this inner-city population-based study, we have observed strikingly higher stroke incidence rates in black groups compared with white groups. Total stroke incidence was reduced by 39.5% during the 16-year study period, but this was not seen in younger age groups aged 15 to 44 years and black groups. These findings were important both for understanding the effect of stroke and identifying disparities in risks related to age and ethnicity that have relevance to prevention strategies. There have been reports of ethnic disparities in stroke incidence from population-based studies in the United States, United Kingdom, and New Zealand. 4, 6, 9, 11, 12, [20] [21] [22] However, this study identifies sustained inequalities in risk and demonstrates differential reductions of incidence among different age and ethnic groups. The SLSR is population-based and, hence, less biased, with a well-phenotyped stroke cohort, allowing analyses to control for potential confounding factors and to identify underlying clinical and socioeconomic factors that could be used for better risk factor control. 6, 12, 13 Although the causes of ethnic disparities in stroke risk are not entirely clear, they might be, in part, because of differences in the prevalence of established cardiovascular risk factors. 6, 20 We observed a higher prevalence of hypertension and diabetes mellitus in black patients compared with white patients in each of the 4 time periods in all age groups. Because hypertension and diabetes mellitus are well-established and are major risk factors for stroke across all ethnic groups, 20,23 they may account for a significant proportion of the higher stroke incidence observed in black patients.
Also, it is particularly striking that a range of vascular risk factors seen reduced in the white groups (age >55 years) over time remained unchanged in black groups, except a significant reduction in previous transient ischemic attack and drinking in those aged >55 years and a significant increase in diabetes mellitus in those aged 15 to 54 years (Table 5) . Other possible explanations for ethnic disparities include cultural differences in perceptions of health and the health care system, environmental exposures, genetic factors, socioeconomic status, and educational attainment. 2 Our results seem similar to findings from previous studies of trends in beforestroke risk factors based on either a mainly white population 8, 24 or a multiethnic population, 4,9 except that we did not find a significant reduction in hypertension in white groups in this inner-city population.
We did not specifically examine genetic factors in our study. There have been reported racial/ethnic differences of genetic polymorphisms: for example, CYP2C19 variant that affects warfarin metabolism may have a higher frequency of occurrence in some racial/ethnic groups, 2 but these results need to be further validated before actually going to clinical practice.
Many studies have compared ethnic differences in stroke incidence or stroke mortality and have observed that socioeconomic status accounted for a proportion of the observed ethnic differences (eg, 39% in GCNKSS). 25 However, many investigators question the validity of typical socioeconomic status indicators when comparing status across ethnic groups. 2 We did not have income data in our study and we used manual and nonmanual categorization as an indicator for socioeconomic status. Recent studies from SLSR showed that socioeconomic status (manual versus nonmanual) was not associated with provision of short-term care including stroke unit admission 14 or with long-term survival after stroke. 26 Kissela et al 9 reported findings from the GCNKSS that the proportion of total first-ever stroke in those 20 to 54 years of age increased from 12.9% to 18.6% during a 12-year period (using only 3 time points), which are in accordance with the findings in our study. They also reported that incident stroke in this age group increased from 26 to 48 per 100 000 among 
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white groups and from 83 to 128 among black groups. In our study, overall incidence rates for those aged 15 to 44 years remained unchanged from 12.6 to 10.1 (not significant with P=0.2034) during the 16-year period. When stratified by age and ethnicity, no statistically significant changes in incidence were found in young white groups aged 15 to 44 years (8.5-6.7) and in black groups in general, except for those aged 55 to 64 years. Our observed incidence rates for young strokes are similar to those in several other studies, with reported incidence rates ranging from 3 to 23 per 100 000. 9,27,28 George et al 10 have reported that ischemic stroke admissions in the United States Nationwide Inpatient Sample rose steadily from 1995 to 2008 among young adults aged 14 to 44 years, which was associated with an increase in prevalence of major risk factors such as hypertension, diabetes mellitus, and obesity. This is likely to lead to major future public health concern because stroke in younger people will influence long-term disability and result in handicap that will affect health and social care services.
The reasons for this trend toward increased risk in younger stroke patients are not clear. However, it could be because of a rise in classical cardiovascular risk factors such as diabetes mellitus, obesity, and high cholesterol level. A significant trend toward increase in diabetes mellitus, high cholesterol, and obesity over time was found among young respondents aged 20 to 54 years based on the National Health and Nutrition Examination Survey national survey data in the United States. 9 The rise in obesity and diabetes mellitus among young adults is more common in black patients compared with white patients. 29 A study from the GCNKSS suggested that diabetes mellitus might particularly increase the risk of ischemic 23, 30 We found increases in the prevalence of diabetes mellitus among young stroke patients aged 15 to 54 years, but it was only statistically significant in black patients, with an increase from 4.3% to 21.4%. The significant reduction in major risk factors observed in white patients aged >55 years was not seen in young patients aged 15 to 54 years for both black and white patients. Compared with those aged >55 years, the young patients in our study were more likely to be men, to be black, to have an intracerebral hemorrhage or a subarachnoid hemorrhage, and to currently drink and smoke (Table 2) . These features are useful in identifying young stroke patients and designing risk reduction programs for young adults.
The decline in stroke incidence may be partly because of improvements in prevention, combined with an increase in healthy living. A recent study by Marshall et al 31 showed antiplatelet and cholesterol-lowering treatment for treating beforestroke risk factors had improved significantly from 1995 to 2010 in SLSR, similarly for both white and black patients. We do not have information on the use of these medications among different age groups. However, as Kissela et al 9 argued, the elderly might get preferential prevention treatments compared with young adults because stroke was not expected to occur in the young. Also, many young adults do not visit a doctor regularly to monitor their health status, especially with regard to vascular risk. These may partially explain the increased risk in young stroke patients, but no formal analysis has been undertaken to confirm a causal relationship. The relatively lower computerized tomography/MRI scan rates in the earlier years of SLSR might affect the diagnosis and subtype of stroke. It is also possible that more strokes in the young are being detected because of greater use of computerized tomography/MRI because younger people may have been more likely to have undergone these scans. 9 There was no change in case mix (eg, Glasgow Coma Scale and previous Barthel index) over time among age and ethnic groups in SLSR, and this adds strength to our argument of sustained inequalities in stroke incidence among different age and ethnic groups.
14 A standardized definition of young adults is lacking. We used age groups of 15 to 54 years as young patients with strokes in our study, although we also used those of 15 to 44 years in subgroup analyses where appropriate. Kissela et al 9 have used a range of 20 to 54 years for young patients with stroke, but they also used a range of 20 to 44 years in their subgroup analyses. We did not specically subdivide the age group of 15 to 54 years into young and middle-aged because dividing the younger age into young and middle-aged would make numbers too small for analysis and the unusual causes of stroke, for example, arteriovenous malformation, patent foramen ovale, and recreational drugs dissection, continue to present in middle age; therefore, there is probably no clinical justification to subdivide. Nevertheless, it would be interesting to formally assess the difference in risk factors between young and middle-aged groups if numbers allowed.
There are limitations to this study. We do not have data regarding risk factor levels, such as body mass index and cholesterol (incomplete) in the stroke register; therefore, we could not comment on the effect of obesity in our study. Because there are only ≈170 patients aged 15 to 54 years in each time period (Table 1 ) and even fewer in the 15 to 44 years age group, the power to detect changes in risk factor prevalence in these subgroups is limited. For black groups, we did not have family migration history, and risk factors might vary between first-and second-generation migrants. There was a slight decrease in completeness of case ascertainment from 84% during 1995-1996 to 75% in 2001-2002, followed by increases to 88% in 2005-2006, 6,13 although the overall trend was not significant. The reason for these changes was unclear and may need further investigation. Furthermore, these estimates were provided only for total completeness; therefore, we could not exclude that completeness varied in specific subgroups, which may influence the interpretation of the data.
Conclusions
Overall stroke incidence declined during the 16-year time period. However, this was not seen in younger age groups and black groups. Sustained or increased stroke risk was found in younger age groups and black groups. Advances in risk factor reduction observed in older white groups failed to be transferred to both younger age groups and black groups.
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